. The exercise environment shows a marginal association with the skin microbiota. Surprisingly, dogs which exercise in green areas (Ruralex) often have an urban-type of lifestyle (Urbanli), and vice versa. Urban dogs usually exercised farther away from their homes (non-sig.), which indicates that urban dog owners travel with their dogs to green areas more often than rural owners.
The skin microbiota constrained by the birth-and current land-use as well as allergic (white symbols) and healthy families (blue symbols). PC2 of the birthplace represented a land-use gradient from the arable lands to forests and PC1 of the current home represented a gradient from forests to urban areas. (b) The taxa that best predicted the land-use of birthplace in Random Forest analysis. Symbol color shows whether a certain taxon is more common in healthy or allergic families. (c) The prevalence of allergies in dogs with different combinations of birth and current environments. (d) Dissimilarity of microbiota between individuals in allergic families was smaller than in healthy families. Table S1 . Immunoglobulin E and C-reactive protein in rural and urban dogs, and in healthy and allergic dogs. The Immunoglobulin E (IgE) values are AU values (as company refuses to give original kU/l values), and show combined value for several inhalant allergens (n = 25) such as plants, trees and other animals. Sensitive C-reactive protein (CRP) is measured as a mg per litre. Table shows mean, standard deviation, and 1 st and 3 rd quartile in each group. Overall both sensitization (IgE) and inflammation (CRP) were low in studied dogs. There were no significant differences between groups.
(c) Allergy prevalence

Rural dogs
Urban dogs With urban:-0.98, P< 2.2e-16
With forest: 0.82, P < 2.2e-16 *The scores of PCA-1 (min= -0.46, max=0.52) was used to categorize current residential environment to urban (scores <0.00) or rural (scores >0.00) categories. In the urban category, the contribution of the built environment varied from 10.77% to 55.02% and forests from 6.63% to 47.77%. In the rural category, the contribution of the built environment varied from 0.28% to 22.55% and forests from 24.04% to 78.36%.
SI METHODS
Selection of participants
We used a freely available record of all registered dogs in Finland (http://www.koiranetti.fi) for finding suitable breeders. We invited 120 dog-breeders from the southern part of Finland, of whom 29 participated in the study (24%). All invited breeders had litters with more than four puppies born in 2012 or 2013 of either Labrador Retriever or Finnish Lapphund. These breeds were selected because they are common and equally prevalent in rural and urban areas, which makes recruitment easier. Also, the breeds' large size makes blood sampling easy.
After breeders engaged in the study, we invited all the owners of puppies from selected litters to participate in the study (participation rate: 51%). We also advertised this study for the two breedorganizations and on a research webpage (http://www.koirangeenit.fi) to reach more participants. Finally, our data included 169 dogs (of which 39 were mother dogs) with slightly unequal sex and breed ratios (67% bitches, 64% Finnish Lapphunds). The sex ratio was unequal partly due to the study design (sex ratio when mother dogs were excluded was 58 %).
Sample collection
We organized samplings around Finland between September and early November in 2014 to collect skin swab samples for skin microbiota analysis, and blood serum for measurements of Immunoglobulin E (IgE) and C-reactive protein (CRP). Also, comprehensive background information about allergic symptoms, environments, and lifestyle was collected through a questionnaire (see Form S1. below).
Later, a subsample of the dogs (n=96) was tracked with GPS-devices for one week.
Skin swab samples were collected from the inner side of the front leg, at about the carpus-level. This area was selected, because it is in close contact with the surrounding environment and is anatomically similar to the location sampled from dog owners. The selected area (3 cm x 3 cm) was swabbed from right to left and from up to down several times constantly rotating swab (Floqswabs, Copan flock technologies), which had first been moisturized in a sterile solution of 0.15 M NaCl and 0.1% Tween 20. The swab was placed between hairs so that it was touching the skin and not just fur. Venous blood samples (all in all 23 ml), from which sera were separated, were collected after skin swabs from the vena saphena on the dorsal side of the front leg, between the elbow and the carpus.
DNA was extracted from the skin swabs and used for the amplification and subsequent sequencing of the V1-V3 regions of the 16S rRNA gene as previously described (1) . Blood serum samples were analyzed to determine sensitive CRP, which is an indicator of low-level inflammation, and IgE, which is a classic marker of allergic diseases in humans. Several environmental allergens including several plants, molds, insects and house dust mites were analyzed for specific IgE (Avacta Animal Health, United Kindom).
Over half of the dog owners (57 %; n=96) gave us permission to track the exercise of their dog using a GPSdevice for a week. GPS follow-ups were made between April 2015 and October 2015. A small passive tracker (GPS-logger iTrail, SleuthGear, Taiwan) was attached to the dog harness, at the back side to ensure a good signal. The device was always on when a dog was outdoors.
Bioinformatics and quality of 16S rRNA gene sequences
The DNA sequencing data were processed by removing the adapters, barcodes and primer sequences from the raw reads using cutadapt v1.9.1. (2). Pairend reads were merged/joined using USEARCH v9.2.64 (3) and the command -fastq_mergepairs with options -fastq_maxdiffs 25, -fastq_maxdiffpct 25, -fastq_minovlen 16. Merged reads were qualitytrimmed using the -fastq_filter command with options -fastq_maxee 2, -fastq_minlen 300. Samplespecific trimmed reads were combined to a single fasta file and dereplicated in VSEARCH v2.64 (4) with the command -derep_fulllength. Next, sequences were sorted by size and only those with abundance ≥ 10 were retained. OTUs were constructed using the -unoise2 command (5) . The reads were mapped to OTUs with 99% similarity threshold using VSEARCH command -usearch_global. The representative sequences of OTUs were classified with SILVA rRNA gene sequence database (version123) using Mothur command classify.seqs with 80% similarity cutoff.
The counts of processed 16S rRNA gene sequences were normalized using the cumulative-sum scaling (CSS; 6). The normalized sequence counts were used in statistical analyses. Before any statistics, contaminant OTUs were also removed. An OTU was regarded as a potential contaminant if it occurred both in the skin microbiota samples and in the control samples, i.e., blank samples and DNA extractions as well as amplifications without DNA template. However, if an OTU was substantially more abundant in skin samples than in controls, and if there were several non-contaminant OTUs that were assigned to the same taxon (genus), the OTU was considered to be a normal member of the skin microbiota and was not removed.
After removal of contaminants and sequences that could not be assigned to bacteria, our final 16S rRNA non-normalized gene sequence counts comprised of 45905 OTUs. This is larger number than in previous paper focusing on canine skin microbiota (7) due to the more strict similarity threshold we used. The sum of normalized sequence counts (library size) in each skin sample varied between 996 and 1391.
Validation of questionnaire
The questionnaire used here is based on two previous survey studies, using a validated set of questions (8, 9) . We further vaidated our questionnaire against the official national kennel club dog register records using four selected questions. There was almost perfect agreement between the questionnaire and record information (Cohen's Kappas varied between 0.9-0.99). We also used question regarding diagnosed allergic diseases (Form S1 question 5.1) for testing the performance of our categorical allergy-variable (moderate agreement, Cohen's Kappa 0.41). Visual inspections revealed that all diagnosed dogs showed severe allergic symptoms, but our method also discovered undiagnosed dogs with pronounced allergic symptoms. Our statistical choices presented above further minimize the effect of any single question i.e. increase the reliability of questionnaire information.
SI Methods references:
SI FORMS Form S1. Translated questions used in study. Questions 5.1. to 6.14 were used in the definition of the allergic symptoms of a dog. Question marked with * were used in creation of the lifestyle-variable.
Questionnaire for dog owners 
